These results suggest that while pre-and postsynaptic 5-HTA receptors may share similar pharmacological recognition properties, a region-dependent difference in the coupling of the 5-HTA receptor to G-proteins may exist.
Introduction
Autoradiographic and membrane homogenate receptor binding studies in brain tissue were instrumental in determining the existence of dense populations of 5-HTA receptors on 5-hydroxytryptaminergic neurones in the raphe nuclei and on cells residing postsynaptic to containing neurones in the hippocampus of numerous species (Pazos & Palacios, 1985) . While somatodendritic 5-HTA receptors act as autoreceptors and regulate the firing (Sprouse & Aghajanian, 1988) and transmitter release of 5-HT containing neurones (Hjorth & Magnusson, 1988) , its postsynaptic counterpart mediates the inhibition of adenylylcyclase in rat hippocampal membrane homogenates (DeVivo & Maayani, 1986 ) and hippocampal pyramidal cell membrane hyperpolarization due to opening of potassium channels (Colino & Hallivell, 1987) . Both receptors mediate their physiological effects through coupling to a Gi protein (Innis et al., 1988; Harrington et al., 1988) .
Electrophysiological studies have clearly defined regional differences in 5-HTIA receptor sensitivity to and modulation by 5-HTlA agonists and partial agonists; namely, compounds such as LSD, buspirone and gepirone which appear as partial agonists at postsynaptic 5-HTIA receptors in hippocampus and exert greater agonist activity at the somatodendritic 5-HTlA autoreceptors residing on 5-HT-containing cell bodies in the dorsal raphe nucleus (Sprouse & Aghajanian, 1987; . Additionally, while presynaptic undergo desensitization after chronic administration of 5- HTIA agonists, postsynaptic receptors residing in hippocampal pyramidal regions are unaffected (Blier & deMontigny, 1987) .
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Interestingly, a similar discrepancy in pharmacological activity of dopamine agonists has been explained by the presence of a receptor reserve at the presynaptic (terminal) striatal dopamine D2 receptor while no receptor reserve exists at the D2 receptor residing postsynaptic to dopamine containing neurones (Meller et al., 1987; . The demonstration of a large receptor reserve for agonists at the somatodendritic 5-HTA autoreceptor (Meller et al., 1990) explains the ability of numerous 5-HT agonists to display equivalent intrinsic activities for agonist inhibition of 5-HT synthesis. We have recently demonstrated , a lack of receptor reserve at postsynaptic 5-HTA receptors coupled to the inhibition of adenylylcyclase activity. This finding accounts for the ability of Middlemiss & Fozard, 1983 ) and the weak partial agonist ([3H]-7, 9-dioxo-8-[2-(4-o-methoxyphenylpiperazinyl) ethyl]-8-azaspiro [4, 5] (D Macmillan Press Ltd, 1994 have investigated the affinity-related binding parameters of both pre-and postsynaptic 5-HTIA binding sites in bovine brain and their coupling to G-proteins. We have concluded that pre-and postsynaptic 5-HTIA receptors appear pharmacologically similar; however, a region-dependent difference in the coupling of the 5-HTIA receptor to the same and different G-proteins may exist.
Methods

Tissue preparation
Bovine hippocampus and dorsal raphe nucleus were obtained from a local slaughterhouse, where immediately after the animals were killed tissue was dissected on ice and frozen on dry ice. The tissue was stored at -80'C until use. On the day of assay, whole tissue sections were defrosted in 20 ml of ice cold wash buffer (50 mM Tris HC1 and 1 mM EGTA, pH 7.4 at 21'C), and homogenized in a Brinkman polytron. The homogenate was diluted to a final volume of 40 ml and centrifuged at 39,000 g for 10 min at 4°C. The supernatant was discarded and the resulting pellet resuspended in 40 ml wash buffer in a polytron and centrifuged as before. The pellet was resuspended in 40 ml of assay buffer (50 mM Tris HCl, containing 5 mM MgSO4, 2 mM EGTA, 10 pM pargyline, and 0.1% (w/v) ascorbic acid, pH 7.7 at 21°C), incubated at 37°C for 10min to remove endogenous 5-HT (Nelson et al., 1978) 
Data analysis
Saturation data were analyzed by the non-linear regression analysis programme, LIGAND (Munson & Rodbard, 1980) . Binding curves were best fitted to a one site model, yielding the equilibrium dissociation constant (Kd), the maximal number of binding sites (Bm.), and the Hill coefficient (nH). Displacement curves were analyzed by non-linear regression analysis, LIGAND (Munson & Rodbard, 1980) initially assuming a one-site model of 3H-agonist binding, followed by analysis according to a two-site model. An F test (P < 0.01) was then used to determine whether the data were best described by the two-site model. Displacement of 3H-agonist by Gpp(NH)p was analyzed by non-linear regression analysis, LIGAND (Munson & Rodbard, 1980) as described for the pharmacological displacement studies. All other statistical analyses were done using Student's paired t test with the accepted level of significance being P < 0.05).
Results was previously shown to demonstrate high affinity, selectivity and low intrinsic activity at the 5-HTIA receptor negatively coupled to adenylylcyclase in rat and guinea-pig hippocampal membranes (Yocca et al., 1987) . In rat hippocampal membrane homogenates, pharmacologically, To determine the effect of Gpp(NH)p on affinity-related binding parameters (Kd and Bmax), complete saturation isotherms were constructed in the absence or presence of Gpp(NH)p (1, 10, and 100 gM). In both bovine hippocampus and dorsal raphe nucleus, Gpp(NH)p did not alter the dissociation constant for either radioligand. However, a concentration-dependent attenuation in the Bmax for both [3H]-8-OH-DPAT and [3H]-BMY-7378 binding (Figure 5a and b) was observed. In bovine hippocampus (Figure 5a) (a) and dorsal raphe nucleus (b) membrane homogenates. Data are expressed as percentage of 3H-agonist binding in the absence of Gpp(NH)p and are the mean ± s.e. mean for three individual experiments performed in duplicate, and were fit to a four-parameter logistic equation which generated response parameters as described in the results section.
38 ± 5% and 47 ± 11%) was observed with both radioligands.
Discussion
While pharmacological differences in regionally distinct 5-HTIA receptors have been suggested (Blier & de Montigny, 1987; Sprouse & Aghajanian, 1988) , molecular biological techniques have yet to provide evidence for multiple subtypes of 5-HTIA receptors. Although the existence of distinct receptor subtypes may account for a heterogeneity in binding or functional responses, pharmacologically identical receptors may exhibit heterogeneity which can be accounted for by differences in the receptor system. These differences may occur at the level of the receptor and be influenced by large differences in receptor density (Varrault et al., 1992) . Variation in the availability or coupling of a particular receptor to the G-protein(s) or effector within a particular region may also occur (Ghodsi-Housepian et al., 1990) . In this study, the question of putative differences amongst the recognition properties of regionally distinct 5-HTIA receptors was addressed by comparing the pharmacological profiles of 5-HT sensitive (Nathanson, 1983) , it was recently demonstrated (Chamberlain et al., 1993) (Mahle et al., 1992) , that the ratio of the ECm, determined by the inhibition of forskolin-stimulated adenylylcyclase, and the KAd, determined by saturation analysis, was significantly greater for the full agonist 8-OH-DPAT and would fit the model in which this ratio was suggested to be proportional to drug relative efficacy (Kent et al., 1980) . Thus compounds displaying a lesser ratio in ECm/Kd values would be likely to fall more toward the antagonist end of the spectrum of intrinsic activity, and hence probably also radiolabel receptors in the low affinity state. However, in a region where R/G ratios were similar and fewer low affinity receptors exist, differences in Bmu, values would not be expected.
Saturation analysis using both a full and partial 3H-agonist yielded linear scatchard plots, suggesting a homogeneity in receptor binding sites. Interestingly, similar dissociation constants were obtained between regions with both radioligands, further suggesting that both radioligands recognize a common population of sites in both regions. While we have previously shown (Mahle et al., 1992) (Mahle et al., 1992) , Gpp(NH)p allosterically attenuates binding of both the full and partial 3H-agonist in bovine hippocampal and dorsal raphe nuclei membrane homogenates and produced a shallow displacement curve. The shallow displacement may reflect a complex binding stoichiometry between the 5-HTIA receptor and G-protein(s). In the opioid system, similar shallow displacements are attributed to a high-affinity component caused by the nucleotide binding to the G-protein ocpy holocomplex, and a low affinity portion caused by nucleotide binding to the free a subunit (Ott & Costa, 1989) .
That the maximal amount of binding displaced by Gpp(NH) of the receptor, and thus was not sensitive to the presence of guanine nucleotide. This further substantiates the likelihood that the greater density of [3H]-BMY-7378 binding sites in hippocampus was most likely due to a larger proportion of receptors in the low affinity state. This phenomenon was, however, not observed in the raphe nucleus, suggesting as did saturation analysis, that both ligands bound to an equivalent number of high affinity receptors, and hence was affected to the same extent by the presence of Gpp(NH)p. This raises the intriguing possibility that a lesser amount of G-protein(s) exists for formation of a high affinity ternary complex in bovine hippocampus. Thus, in dorsal raphe nucleus where postsynaptic partial agonists behave as full agonists (Sprouse & Aghajanian, 1988) in addition to a 'receptor reserve', a 'G protein reserve' may also exist (Bohmaker et al., 1992) .
While within a particular region, Gpp(NH)p produces comparable IC5o values for both radioligands, they differ significantly between regions, demonstrating that the affinity of Gpp(NH)p for the 3H-agonist/receptor/G-protein complex is different between regions, and suggests that if the receptor is identical, then it may couple to different G-proteins or couple to the same G-protein with differing efficacies. Ghodsi-Housepian et al. (1990) demonstrated that in rat brain, a regional difference in the efficiency of coupling occurs between muscarinic receptors and G-proteins. The possibility of a heterogeneous population of G-proteins within one or both regions should not be ignored, as Senogles et al. (1990) , in examining D2 dopamine receptor/Gprotein coupling, demonstrated variations in the affinities between subtypes of Gi proteins and the receptor in a reconstituted system. Another possibility for regional differences in receptor/G-protein coupling may lie in the existence of dissimilar membrane mileus in the different brain regions.
In conclusion, while the existence of a structural heterogeneity in pre-and postsynaptic 5-HTIA receptors cannot be totally eliminated, the results of this study suggest a pharmacological homogeneity exists between the 5-HTIA receptor binding sites in bovine hippocampus and dorsal raphe nucleus. Although prior studies have shown a large receptor reserve to exist for the 5-HTIA receptor in the rat raphe nuclei, but not in the hippocampus, the present paper demonstrates that in similar regions of the bovine brain, a marked regional difference in 5-HTIA receptor coupling to G protein(s) exist. Thus, a portion of the functional differences observed with agonists at pre-and postsynaptic 5-HTIA receptors may therefore be attributable to the interaction of these receptors and their associated G-proteins.
